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RESUMEN
Se analiza la variabilidad de la precipitación estacional en sus valores medios y extremos para varias regiones 
de Argentina al norte de 39º S, empleando series mensuales de lluvia que se extienden desde 1860 hasta 
2006. Las estaciones seleccionadas pueden considerarse representativas de diferentes regiones climáticas 
del país. El análisis se focaliza en la distribución de la lluvia, la tendencia estacional, los cambios en la 
YDULDQ]D\ORVYDORUHVH[WUHPRVD¿QGHHVWDEOHFHUODPDJQLWXGGHODYDULDELOLGDGFOLPiWLFDHVWDFLRQDOGH
las lluvias en una perspectiva histórica en el centro de Argentina. Los valores extremos se calcularon para 
XQDYHQWDQDPyYLOGHDxRVGH¿QLHQGRHVWRVYDORUHVSDUDORVQLYHOHVPD\RUHVPHQRUHVDORVSHUFHQWLOHV
S GHODGLVWULEXFLyQWHyULFDJDPPDVHOHFFLRQDGDHQWUHRWUDVFLQFR
distribuciones. Los parámetros de escala y forma de la distribución se calcularon empleando la estimación 
GHPi[LPDYHURVLPLOLWXG 0/(\HOPpWRGRGH UHPXHVWUHR ERRtstraSLQJSDUDUHSHWLFLRQHV/DV
WHQGHQFLDVHVWDFLRQDOHVVHFDOFXODURQSDUDFDGDYHQWDQDDOLJXDOTXHVXVLJQL¿FDFLyQHVWDGtVWLFD(OXVRGH
una ventana móvil permitió establecer el periodo de cuatroGpFDGDVHQHOFXDOVHYHUL¿Fy el mayor valor de 
la tendencia, ya sea positiva o negativa. De los resultados se desprende que hubo desplazamientos en las 
GLVWULEXFLRQHVGHOOXYLDHVWDFLRQDODVtFRPRFDPELRVHQORVYDORUHVGHUHWRUQR59TXHVHFDOFXODURQSDUD
XQDRFXUUHQFLDGHXQDYH]FDGD\DxRV(QJHQHUDOODVOOXYLDVH[WUHPDVGHYHUDQRVHLQFUHPHQWD-
URQSDUDWRGDODUHJLyQ/RVYDORUHVH[WUHPRVK~PHGRVHFR:'GHODHVWDFLyQHVWLYDOFRUUHVSRQGLHQWHV
DORVSHUFHQWLOHVSDUD:'UHVSHFWLYDPHQWHVXIULHURQLQFUHPHQWRVVLJQL¿FDWLYRVGHDFXHUGRFRQOD
]RQDJHRJUi¿FD\HOSHULRGR6LQHPEDUJRVHPHQFLRQDFRPRUDVJRSDUWLFXODUGHOYHUDQRODH[LVWHQFLDGH
un periodo común a todas las estaciones con tendencias positivas, que se inicia con la ventana 1921-1960 y 
permanece hasta la última ventana analizada: 1967-2006. Este comportamiento no se observa en la estación 
de invierno para el oeste y centro de Argentina excepto en la zona representada por Bahía Blanca, para la 
FXDOHOH[WUHPR'GHOVHLQFUHPHQWyDORODUJRGHWRGRHOSHULRGRGHHVWXGLR
ABSTRACT
The variability in seasonal mean and extreme precipitation is analyzed for several regions of Argentina to 
the north of 39º S, using long-term monthly time series data which expand from 1860 to 2006. The selected 
locations can be considered as representative of different climatic regions. This work focuses on the analysis 
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RIPRQWKO\UDLQIDOOGLVWULEXWLRQVLJQL¿FDQWVHDVRQDO WUHQGVFKDQJHV LQYDULDQFHDQGH[WUHPHPRQWKO\
values, in order to establish the magnitude of the seasonal climatic rainfall variability through time for 
central Argentina. A 40-yr moving window was employed in order to analyze seasonal variability of rainfall 
extremes. Extremes were computed for different probability levels of a theoretical distribution function 
RYHUEHORZWKHWKWKSHUFHQWLOH7KHJDPPDGLVWULEXWLRQZDVVHOHFWHGDPRQJ¿YHRWKHUWKHRUHWLFDO
distributions, and the scale and shape parameters were computed using the maximum likelihood estimation 
0/(DQGWKHERRWVWUDSPHWKRGIRUUHVDPSOHGDWDVHWVDVZHOO7UHQGDQDO\VLVZDVSHUIRUPHGIRU
HDFKZLQGRZRQZLQWHUDQGVXPPHUPHDQVDQGWHVWHGIRUVLJQL¿FDQFH7KHXVHRIDPRYLQJZLQGRZDOORZHG
GHWHFWLQJWKHZLQGRZRIPD[LPXPDEVROXWHYDOXHVIRUWKHWUHQGV5HVHDUFKUHVXOWVVKRZVLJQL¿FDQWWHPSRUDO
VKLIWVLQVHDVRQDOUDLQIDOOGLVWULEXWLRQDQGUHWXUQYDOXHV59WKDWZHUHFRPSXWHGIRUGLIIHUHQWIUHTXHQFLHV
RQFHHYHU\¿YHDQG\HDUV*HQHUDOO\VXPPHUSUHFLSLWDWLRQH[WUHPHVKDYHEHFRPHZHWWHUIRUWKH
ZKROHUHJLRQ5DLQIDOODPRXQWVIRUVXPPHUZHWGU\H[WUHPHV:'FRUUHVSRQGLQJWRWKHWKIRU:DQG
WKIRU'SHUFHQWLOHVZHUHVXEMHFWHGWRVLJQL¿FDQWLQFUHDVHEXWGHSHQGLQJRQWKHJHRJUDSKLFDODUHDWKLV
effect spreads slightly differently over records of years. A common-for-all-stations period of such summer 
increase trend in extreme values spans from the window 1921-1960 to the last window analyzed: 1967-2006. 
This behavior was not observed for north and west Argentina during winter, except for the region represented 
by BahíD%ODQFDZKHUHWKH'H[WUHPHKDVLQFUHDVHGWKURXJKRXWWKHVWXG\SHULRG
Keywords: Long-term rainfall series, gamma distribution, percentiles, extreme dry and wet, trends, central 
Argentina
1. Introduction
Changes in weather and climate extremes are having an impact on socioeconomic and natural 
systems, and future changes associated with continuous warming will present additional challenges. 
Recent studies have focused on a suite of climate change indexes that primarily require daily 
REVHUYDWLRQV$OH[DQGHUet al.8QIRUWXQDWHO\GDLO\WHPSHUDWXUHDQGSUHFLSLWDWLRQGDWDDUH
QRWUHDGLO\DYDLODEOHIRUODUJHSRUWLRQVRIWKHZRUOG$VPHQWLRQHGLQ*URLVPDQet al.DQG
Frich et al.WKHUHZDVDOPRVWQRVXFKGDWDDYDLODEOHIRUPRVWRI&HQWUDODQG6RXWK$PHULFD
Precipitation is a key climate variable, as it affects both human economies and agriculture 
in different areas of the globe. Trends in precipitation series were observed on both global and 
KHPLVSKHULFVFDOHVGXULQJWKHWKFHQWXU\ZKLFKPD\LQÀXHQFHIXWXUHZDWHUVXSSO\(DVWHUOLQJ
et al., 2000; Haylock et al.$VWURQJSRVLWLYHWUHQGLQSUHFLSLWDWLRQGXULQJWKHVHFRQGKDOI
of the 20th century characterized the central zone of Argentina as presented in Castañeda and 
%DUURV7KHFOLPDWHYDULDELOLW\RIWKHUHJLRQZDVVWXGLHGDWYDULRXVWHPSRUDOVFDOHVIURP
DGHFDGDOVFDOHRIVSULQJVXPPHUSUHFLSLWDWLRQWRLQWHUDQQXDOYDULDELOLW\DVVRFLDWHGZLWKWKH(O
1LxR6RXWKHUQ2VFLOODWLRQ(162SKHQRPHQRQDVUHSRUWHGE\9DUJDVet al.*ULPPet 
al.DQG5XVWLFXFFLDQG9DUJDV,QVRXWKHUQ%UD]LODQGQRUWKHUQ$UJHQWLQDVRPH
VWXGLHV&DPLOORQLDEKDYHGHWHFWHGLQFUHDVHGUDLQIDOODQGULYHUGLVFKDUJHLQWKHUHJLRQ
since the mid-1970s. These increases are linked to changes in the regional circulation, that is, a 
southward displacement of the subtropical Atlantic high. Other studies related to extreme monthly 
precipitations in the Pampean region, as in Scian et al.ZHUHUHVWULFWHGRQO\WRHYHQWVXQGHU
no-ENSO conditions and yielded interesting results over the anomalous large-scale circulation 
SDWWHUQVDVVRFLDWHGSDUWLFXODUO\WRWKHGU\VHDVRQUDLQIDOOH[WUHPHV0D\WR6HSWHPEHU
Recent studies have shown that seasonal precipitation cycle over the South American continent 
LVQRWRQO\PRGXODWHGE\(162EXWE\ WKH3DFL¿F'HFDGDO2VFLOODWLRQ 3'2$QGUHROLDQG
.D\DQR*DUFtDDQG.D\DQR.D\DQRDQG$QGUHROL6LOYDet al.IRFXVHG
RQWKHLPSDFWRI(162HYHQWVGXULQJSRVLWLYH3'2DQGQHJDWLYH3'2íSKDVHVRQWUDQVSRUW
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of moisture and extratropical cyclonic properties in austral summer over South America. These 
DXWKRUVVXJJHVWWKDWFKDQJHVLQWURSLFDOH[WUDWURSLFDOFLUFXODWLRQDQRPDOLHVRYHU6RXWK$PHULFD
DIWHUVHHPWREHDVVRFLDWHGZLWKDQLQFUHDVHLQWKHIUHTXHQF\DQGLQWHQVLW\RI(O1LxR(1
HYHQWV)RUWKH(1HYHQWVGXULQJ3'2SRVLWLYHDQRPDOLHVRIUDLQIDOORYHUPRVWRIVRXWKHDVWHUQ
6RXWK$PHULFD6(6$DUHREVHUYHG%DUURVet al.VKRZHGUHFHQWO\WKDWSUHFLSLWDWLRQWUHQGV
LQWKHVRXWKHUQUHJLRQRIVXEWURSLFDO$UJHQWLQD6:ZHUHRULJLQDWHGLQQHXWUDO(162
HYHQWVDQGZHUHUHODWHGWRWKHWUHQGVRIWKH¿UVWWZRVHDOHYHOSUHVVXUH6/3OHDGLQJPRGHV
'DWDHPSOR\HGLQWKHSUHVHQWZRUNFRYHUVSDUWRIWKHWKFHQWXU\WKHWKFHQWXU\DQGWKH¿UVW
decade of 21st century for central Argentina. How such long-term seasonal and spatial changes 
occurred in the past, underlines the complex form that hydro-climatic variability might have in 
the future. A more profound understanding of the variability of extreme precipitation may help 
improve climate models and interpret their results. One way to address this question is to analyze 
past precipitation variability.
Climate precipitation extremes are discussed in this work following a monthly time scale of 
VHDVRQDODFFXPXODWHGYDOXHV:HKDYHDGRSWHGWKH,QWHUJRYHQPHQWDO3DQHORQ&OLPDWH&KDQJH,3&&
:RUNLQJ*URXS,GH¿QLWLRQRIFOLPDWHFKDQJH,3&&DVHLWKHUDYDULDWLRQLQWKHPHDQVWDWH
RIFOLPDWHRULWVYDULDELOLW\ZLWKVWDWLVWLFDOVLJQL¿FDQFHWKDWSHUVLVWVIRUDQH[WHQGHGSHULRGW\SLFDOO\
GHFDGHVRUORQJHU7KLVFKDQJHFDQEHFDXVHGE\QDWXUDOLQWHUQDOSURFHVVHVRUH[WHUQDOIRUFHVRUE\
persistent anthropogenic changes in the composition of the atmosphere or land use. The IPCC, in 
LWVIRXUWKUHSRUW,3&&LQGLFDWHGWKDWWKHLPSDFWRIFOLPDWHFKDQJHZLOOEHREVHUYHGWKURXJK
changes in extreme events. Impact attributed to climate change and global warming registered in some 
zones in Argentina has been documented and submitted in national and international meetings. One 
RIWKHPRVWSURPLQHQWDVSHFWVDVUHSRUWHGLQ%DUURVLVWKHLQFUHDVLQJWUHQGRISUHFLSLWDWLRQ
and intense storms frequency.
This work aims to establish a measure of the changes experienced in seasonal precipitation 
extremes from the second half of the 19th Century to recent times, as this variation is likely to 
LQFUHDVHÀRRGDQGGURXJKWULVN%HVLGHVZHLQWHQGWRGHWHFWZKHWKHUWKHUHDUHPRGL¿FDWLRQVLQ
their statistical characteristics as well as changes in the variance of monthly precipitation, within 
DUHWURVSHFWLYHFRQWH[WIRUFHQWUDO$UJHQWLQH:HDQDO\]HLQGHWDLOH[WUHPHYDOXHVGH¿QHGWKURXJK
DWKHRUHWLFDOGLVWULEXWLRQIXQFWLRQRYHUEHORZWKHWKWKSHUFHQWLOHDQGYDULDELOLW\RIPRQWKO\
rainfall extremes among stations.
Because of irregular rainfall distribution along the country, we present here the analysis on 
WKHVWXG\RISUHFLSLWDWLRQH[WUHPHVYDULDELOLW\IRUWKHWZRPDLQVHDVRQVRIWKH\HDUZLQWHU-XQ
-XO$XJDQGVXPPHU'HF-DQ)HE+HQFHLWLVLPSRUWDQWWRDQDO\]HSUHFLSLWDWLRQEHKDYLRUIRU
the most extended period of available instrumental records. In particular, a realistic and reliable 
assessment of historical climate trends and variability is possible with long-term, homogeneous 
time series of climate data. Changes in instruments and relocation have made the observations 
HDVLHU DQGPRUHDFFXUDWHEXW WKH\PD\KDYHDOVRFUHDWHGDUWL¿FLDOELDVHV LQ ORQJWHUP WLPH
series. Analyzing only the changes in the mean is not enough to estimate potential changes in 
WKHEHKDYLRURIH[WUHPHYDULDEOHVLQDVFHQDULRRIZDUPLQJFOLPDWH.DW]DQG%URZQ,Q
fact, a change in a climate variable will also result in a change in the shape of its distribution. 
,WLVWKXVFOHDUWKDWDORFDOL]HGVWXG\SHUVHDVRQDQGSHUYDULDEOHH[WUHPHGU\DQGH[WUHPHZHW
is mandatory and that the changes that occurred in monthly mean and standard deviation are 
associated to different types of change in the occurrence of extremes.
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So far, no studies have dealt with changes in rainfall series as long as those hereby shown, 
DYDLODEOH LQ$UJHQWLQD SXUVXLQJ DQDO\VLV RQ VHDVRQDO SUHFLSLWDWLRQ H[WUHPHV DERYHEHORZ WKH
WKWK WKWK DQGWKWK SHUFHQWLOHV7KH VHOHFWHG VWDWLRQV DUH ORFDWHG LQ UHJLRQV RI
Argentina with different climate.
2. Data and methods
2.1 'ata
Data of monthly total precipitation was obtained from the archives of the Servicio Meteorólogico 
1DFLRQDO6017KHWLPHVHULHVZHUHFKRVHQERWKIRUWKHLUUHFRUGOHQJWKDQGWKHUHOLDELOLW\RI
observations, and were checked for missing data before the analysis. They were selected from 
among other long-term rainfall data available in the archives of the SMN, because these six locations 
belong to the synoptic type of meteorological stations ensuring high-quality and homogeneity. The 
series were pre-processed to guarantee temporal consistence and homogeneous records. In two of 
WKHVL[VWDWLRQVGDWDUHTXLUHGWUHDWPHQW:HZLOOPHQWLRQWKHFDVHRI7XFXPán, whose data were 
checked with meteorological records of the nearest location, Famailla, a station that belongs to 
the Instituto Nacional de Tecnología Agropecuaria ,17$ORFDWHGNPDSDUW7KHRWKHUVWDWLRQ
&RUULHQWHVZDVFRPSDUHGZLWKWZRFORVHVWDWLRQV5HVLVWHQFLDDQG*R\DDWDGLVWDQFHRIDERXW
NPIURPWR,QERWKFDVHVUHJUHVVLRQPHWKRGV9LQFHQWDQG0HNLVSURYLGH
DGMXVWHGGDWDIURPWKHUHTXLUHGSHULRGVDQGZHUHXVHGLQRUGHUWR¿OOPRQWKO\PLVVLQJGDWD0LVVLQJ
GDWDGRQRWVXUSDVVRIWKHUHFRUGOHQJWK7KHWLPHVHULHVHPSOR\HGLQWKLVZRUNFRUUHVSRQGWR
the locations listed in Table I. The monthly rainfall series recorded in central Argentina from north to 
south were: TucumáQ78&VSDQQLQJIURPWR&RUULHQWHV&57VSDQQLQJIURP
to 2006; CóUGRED&%$VSDQQLQJIURPWR%XHQRV$LUHV%8(VSDQQLQJIURPWR
0DUGHO3ODWD0'4VSDQQLQJIURPWRDQG%DKíD%ODQFD%$+VSDQQLQJ
from 1860 to 2006. 
7DEOH,1DPHFOLPDWHORFDWLRQORQJLWXGHDQGODWLWXGHDOWLWXGHOHQJWKRIGDWDUHFRUGVPHDQDQQXDO
precipitation and standard deviation of stations employed in the analysis.
Site Long.

Lat.

Altitude
P
Record Mean annual
precipitation
PP
SD
PP
Tucumán
+XPLGVXEWURSLFDOGU\VHDVRQ ± –26.8 480 1880-2006 1002.9 231.0
Corrientes
Humid subtropical ± ± 62 1876-2006  319.0
Córdoba
Temperate Pampean –64.2 –31.3  1874-2006 739.7 164.3
Buenos Aires
Humid Pampean ± –34.6  1860-2006  269.8
Mar del Plata
Oceanic temperate ± –38.1 21 1888-2006 1028.0 196.7
Bahía Blanca
Semi-arid Pampean –62.3 –38.7 83 1860-2006  173.7
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The same records were recently used by Pierini et al.LQRUGHUWRSHUIRUPDGHWUHQGHG
ÀXFWXDWLRQDQDO\VLVDQGE\7HOHVFDet al. DPRQJRWKHUV IRU LQYHVWLJDWLQJ WKH WHPSRUDO
variation of the scaling behavior in rainfall data.
There are no available rainfall data with similar record length for southern Argentina, the 
Patagonian region. The map in Figure 1 shows monthly mean precipitation for the stations in the 
EDVHSHULRG7KLV\USHULRGUHÀHFWV WKHEHKDYLRURI UDLQIDOO IRU WKH ODVWZLQGRZ
DQDO\]HGZKLFKH[SUHVVHVWKHDFWXDOEHKDYLRU7KH¿JXUHVKRZVWKDWDOPRVWDOOORFDWLRQVSUHVHQW
DQDQQXDOUHJLPHZLWKPLQLPXPUDLQIDOOYDOXHVIRUZLQWHUPRQWKV-XQH-XO\$XJXVW>--$@DV
VXSSRUWHGLQ3URKDVNDDPRQJRWKHUV
2.2 0etKRGRlRJ\
7KHDQDO\VLVRIVHDVRQDOSUHFLSLWDWLRQZLQWHU>--$@DQGVXPPHU>'HFHPEHU-DQXDU\)HEUXDU\'-)@
focuses on the changes produced in extreme dry and wet values along time. Precipitation extremes 
DUHW\SLFDOO\GH¿QHGEDVHGRQWKHIUHTXHQF\RIRFFXUUHQFHE\SHUFHQWLOH>e.g.XSSHUHWF@
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their locations.
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RUE\UHWXUQSHULRG>e.g.DQDYHUDJHRFFXUUHQFHRIRQFHHYHU\¿YH\HDUVRQFHHYHU\\HDUVHWF@
DQGRUWKHLUDEVROXWHYDOXHVe.g.DERYHPPRUPRUH
:HGRQRWXVHLQGH[HVRIGDLO\SUHFLSLWDWLRQH[WUHPHVEHFDXVHQRVXFKUHFRUGVH[LVWIRUVXFKD
long period of data. Monthly rainfall series are studied to describe the variability existing among 
WKHLUH[WUHPHVHDVRQDOYDOXHV:HGRQRWIRFXVRQKHDY\UDLQIDOO
Precipitation is one of the atmospheric variables whose distribution is non-symmetric and skewed 
to the right. Its limit on the left is zero since it is physically constrained to be nonnegative. Several 
fundamental distributions for estimating precipitation amounts can be adopted among which the 
PRVWFRPPRQO\XVHGDUHWKHQRUPDOORJQRUPDOH[SRQHQWLDOJDPPDDQG:HLEXOOGLVWULEXWLRQV
7KH.ROPRJRURY6PLUQRY.6WHVWLVXVHGWRGHFLGHLIDVDPSOHFRPHVIURPDK\SRWKHVL]HG
FRQWLQXRXVSUREDELOLW\GHQVLW\IXQFWLRQ3'),WLVEDVHGRQWKHODUJHVWYHUWLFDOGLIIHUHQFHEHWZHHQ
WKHWKHRUHWLFDODQGHPSLULFDOFXPXODWLYHGLVWULEXWLRQIXQFWLRQ&')$FFRUGLQJWRWKHDYDLODEOH
PRQWKO\UDLQIDOOGDWDLQWKHSUHVHQWDQDO\VLVWKHPRVWVXLWDEOHSURFHGXUHLVEDVHGRQ¿WWLQJJDPPD
GLVWULEXWLRQV7KRP:LONV7KHJDPPDGLVWULEXWLRQLVDQDUELWUDU\EXWFRQYHQLHQW
FKRLFH WR UHSUHVHQW YDULDWLRQV LQ SUHFLSLWDWLRQ WRWDOV :LONV DQG(JJOHVWRQ :LWKLQ WKH
FRQWLQXRXVWKHRUHWLFDOGLVWULEXWLRQVRISUREDELOLW\WKLVIXQFWLRQLVGH¿QHGE\WKH3')
1( / ) exp( / )( ) , , , 0
( )
x xf x x >=  
The two distribution parameters are Į and ȕWKHVKDSHDQGVFDOHSDUDPHWHUUHVSHFWLYHO\DQG
K stands for the gamma function. In the gamma case, Į and ȕ parameters control the distribution. 
A value of ĮSURGXFHVDVWURQJSRVLWLYHVODQWZKHUHDVIRUĮ LWUHGXFHVWRWKHH[SRQHQWLDO
GLVWULEXWLRQ:LONV)LQDOO\IRUĮ WKHIXQFWLRQUHVHPEOHVWKH*DXVVLDQGLVWULEXWLRQ
(TLVFKDUDFWHUL]HGE\PHDQμ Į ȕ and variance ı2 Į ȕ2. The ȕ scale parameter plays the 
role of stretching or compressing the density function, and then this factor is related to changes 
LQYDULDELOLW\7KHGLVWULEXWLRQLVVNHZHGWRWKHULJKWZLWKVNHZQHVVFRHI¿FLHQWJLYHQE\Į±.
,QWKLVVWXG\DUHWXUQSHULRG53RI¿YHDQG\HDUVLVFKRVHQ7KHH[WUHPHGU\RUZHW
UDLQIDOOYDOXHZDVFRPSXWHGEDVHGRQWKHUHWXUQYDOXH59RUSHUFHQWLOH([WUHPHGU\YDOXHLVHYDOXDWHG
WRDSUREDELOLW\HTXDOWRRUOHVVWKDQDQGZKLOHWKHH[WUHPHZHWUDLQIDOOLVVHWWRWKH
SUREDELOLWLHVRIH[FHHGLQJDQG5HWXUQYDOXHVIRUDJLYHQ\HDUDUHFDOFXODWHGZLWKWKH
\USHULRGHQGLQJWKDW\HDUDVFDQEHVHHQLQWKH¿JXUHVVHOHFWHGIRUWKH'DQG:OHYHOV
7KHUDLQIDOOGDWDDQDO\VLVZDVFDUULHGRXWXVLQJDWLPHZLQGRZVKLIWLQJWKURXJKWKHVHULHV:H
VHOHFWHGDOHQJWKRI\HDUVIRUWKHZLQGRZDIWHUVHYHUDOHYDOXDWLRQVRQSHUVLVWHQWWHPSRUDOÀXFWXDWLRQV
7HOHVFDet al.7KHVHVXESHULRGVJXDUDQWHHWKHSUREDELOLW\RIRFFXUUHQFHRIHYHQWVHYHU\
years.
:KHQDGMXVWLQJDWKHRUHWLFDOGLVWULEXWLRQWRD¿QLWHGDWDVDPSOHWKHHVWLPDWHRIWKHSDUDPHWHUV
presents uncertainties. This has an effect on the calculations of the extreme values with return 
periods beyond the length of the original time series. To estimate the parameters of the gamma 
GLVWULEXWLRQWKHPD[LPXPOLNHOLKRRGHVWLPDWLRQ0/(:LONVDQGDSDUDPHWULFERRWVWUDS
approach with 1000 iterations were used. This method is based on random samples, which are 
GUDZQ IURP WKH¿WWHG JDPPDGLVWULEXWLRQ (IURQ DQG7LEVKLUDQL 0RRQH\ DQG'XYDO
(IURQ/HGHVPD&RQ¿GHQFHLQWHUYDO&,LVFRPSXWHGDSSO\LQJWKHERRWVWUDS
procedure.
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7UHQGVLQVHDVRQDOSUHFLSLWDWLRQDUHFRPSXWHGE\DVLPSOHOHDVWVTXDUHV¿WPRGHO7KHUHJUHVVLRQ
FRHI¿FLHQWIRUHDFK\UZLQGRZJLYHVWKHFKDQJHSHU\HDU7KHWUHQGRIHDFKVXESHULRGLVWHVWHG
IRUVWDWLVWLFDOVLJQL¿FDQFHWKURXJKDQRQSDUDPHWULF0DQQ.HQGDOOWDXWHVW6HQIRUHDFK
VWDWLRQVHSDUDWHO\$OOWHVWVKDYHEHHQSHUIRUPHGDWDFRQ¿GHQFHOHYHO
7KHVXEVHTXHQWDQDO\VLVIRUVHDVRQDOUHWXUQYDOXHV59LVEDVHGRQSHUFHQWLOHV\UPHDQ
SDUDPHWHUVĮ and ȕRIWKHJDPPDGLVWULEXWLRQDQGWKH&,HVWLPDWLRQIURPERRWVWUDSSLQJ:H
HVWLPDWHFKDQJHVLQWKHRFFXUUHQFHRIH[WUHPHZHWDQGGU\\HDUV7KHFRQ¿GHQFHLQWHUYDO&,IRU
HDFK59YDOXHRQDOOZLQGRZVLVFRPSDUHGDJDLQVWWKHFRQWUROFRQ¿GHQFHLQWHUYDO&&,GH¿QHG
IRUWKHODVWZLQGRZQDPHO\:HHVWDEOLVKHGWKDWDFKDQJHLQDQ59H[LVWVZKHQLWV&,
GRHVQRWRYHUODSZLWKWKH&&,WKHQDQLQFUHDVLQJRUGHFUHDVLQJFKDQJHUHODWLYHWR&&,LVGH¿QHG
The general procedure employed for all the series after checking for gamma distribution from 
WKH¿YHWKHRUHWLFDOGLVWULEXWLRQSDUDPHWHUVPHQWLRQHGDERYHLV
1. Evaluation of gamma distribution parameters by MLE and 1000 bootstrap resampling using 
the complete seasonal rainfall series and for each of the 40-yr windows.
2. )RUHDFKVHDVRQDQG\UZLQGRZFRPSXWHD59IRUH[WUHPHVFRQGLWLRQVDWHYHU\¿YH
DQG\HDUVDQGFRQ¿GHQFHLQWHUYDO&,EOLQHDUWUHQGRIZLQGRZUDLQIDOOYDOXHV
DQGFYDULDQFH
3. $QDO\VHVIRUHDFKVWDWLRQVHDVRQDQGH[WUHPHSUREDELOLW\OHYHO:RU'ZKLFKDUHWKH
\HDU\HDUVZLWKLQFUHDVLQJRUGHFUHDVLQJFKDQJHLQ59DQGWKHVLJQL¿FDQFHRIGLIIHUHQFHV
3. Results
7KHUHJLRQDOFOLPDWHIRUHDFKVWDWLRQVHOHFWHGLVGLIIHUHQW&DEUHUD3URKDVND7KHVH
GLIIHUHQFHV DUH UHÀHFWHG LQ WKH UHVXOWV RI UDLQIDOO YDULDELOLW\ DQG WUHQGV DQDO\]HG$ VXPPDU\
reproduced in Table II SUHVHQWVDFRPSDULVRQEHWZHHQJDPPDSDUDPHWHUVĮ and ȕIURPHDFK
ORFDWLRQDQGVHDVRQDVFDOFXODWHGLQWKLVVWXG\9DOXHVZHUHREWDLQHGXVLQJWKHERRWVWUDSPHWKRG
for selected 40-yr periods. Medians in millimeters are included. Minimum Į values correspond to 
winter season and are observed for Córdoba, where Į < 1.0 implies an exponential distribution 
W\SH$OPRVW DOOZLQWHUYDOXHV UHPDLQEHWZHHQ DQGZKLOH IRU VXPPHUĮ values range 
IURPWR'LIIHUHQFHVLQVHDVRQDOPHGLDQYDOXHVDPRQJVWDWLRQVUHVSRQGWRUDLQIDOOUHJLPHV
+RIIPDQQ:HZLOOVKRZWKHUHVXOWVIURPVRXWKWRQRUWKVWDUWLQJZLWK%DKía Blanca and 
ending with TucumáQDVOLVWHGLQ7DEOH,
3.1 %aKía %laQFa
The climate of BahíD%ODQFD LV FODVVL¿HG DVPLGODWLWXGHGU\ DQG VHPLDULG)LJXUH VKRZV
seasonal precipitation from 1860 to 2006. Figure 2a corresponds to winter and shows, from top 
WRERWWRPDWKHWLPHVHULHVZLWKDQDQQXDOWUHQGIRUWKHHQWLUH\USHULRGEWKHJDPPD
distribution for four 40-yr sub-periods arbitrarily selected in order to span over the full record; 
F WUHQGVDQGYDULDQFH IRUHDFKVXESHULRG)LJXUHE LV VLPLODU LQ VWUXFWXUHEXW UHIHUUHG WR
summer precipitation.
The return values for the extreme wet of winter rains in Bahía Blanca for the total series 
ZLWKDQG\UUHWXUQSHULRGVDUHPPDQGPPUHVSHFWLYHO\)RU
the same return periods, extremes dry values are 4 and 6 mm. The increase with time in winter 
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UDLQIDOOLVREVHUYHGDVDVKLIWRIWKHGLVWULEXWLRQWRZDUGVKLJKHUPHDQVIURPWKH¿UVWWRWKHODVW
RIWKHIRXUVHOHFWHGSHULRGVVKRZQLQ)LJXUHD7KHERWWRPSDQHOLQWKLV¿JXUHSUHVHQWVWKH
OLQHDUWUHQGYDOXHVRIHDFKZLQGRZVROLGOLQHDQGWKHYDULDQFHGDVKHGOLQH7KHSRVLWLYH
DQGQHJDWLYHWUHQGYDOXHVIRUZLQWHUÀXFWXDWHIURPDURXQGPP\U WRFORVHWR±PP\U
The largest sequence with negative trend occurs from the window 1938-1977 to the window 
)URP WKHQRQ WUHQGV DUH SRVLWLYH EXW QRW VLJQL¿FDQW7KLV RVFLOODWLRQ LQ \U
WUHQGYDOXHVVKRZWKDWQHJDWLYHSHDNVDUHQRQVLJQL¿FDQWDQGKDYHEHHQGHFUHDVLQJIRUWKH
ODVW\HDUV9DULDQFHVDUHDQDO\]HGEHFDXVHWKH\DUHDVVRFLDWHGWRUDLQIDOOYDULDELOLW\)RU
Bahía Blanca, actual winter rainfall variances have similar values as those computed at the 
EHJLQQLQJRIWKHSHULRGXQGHUVWXG\PP2ZKLOHIURPWRYDOXHVGHFUHDVHG
to around 2200 mm2.
Table II. Seasonal values of medians, and parameters Į and ȕ of the gamma distribution obtained 
with a 1000 bootstrap method for six rainfall locations over central Argentina. Forty-year periods 
ZHUHDUELWUDULO\VHOHFWHG'LIIHUHQFHVLQWKH¿UVWSHULRGGDWHDUHGXHWRWKHVWDUWLQJ\HDURIGDWD
series.
Location Period
:LQWHU Summer
Median
PP
Į ȕ Median
PP
Į ȕ
Bahía Blanca 1860-1899  1.29  146.8 4.44 32.04
%$+ 1900-1939  1.89 30.29 142.1 2.88 
1940-1979  2.91 27.39 170.1 4.24 42.69
1967-2006  1.81 21.22  4.04 49.94
Mar del Plata 1888-1927  4.89 33.36 183.2  
0'4 1900-1939  4.22 36.87  7.37 26.31
1940-1979 169.6 8.47  241.9 7.76 32.40
1967-2006  10.98 13.36 279.2 13.73 20.98
Buenos Aires 1860-1899   40.90   47.60
%8( 1900-1939  2.11  260.0  
1940-1979 193.3 6.60 30.39 323.9 6.33 
1967-2006  6.63   6.40 
Córdoba 1874-1913 14.7  34.70 338.1 8.92 
&%$ 1900-1939 20.7  42.24 287.4  24.86
1940-1979 30.6 1.11  334.9 11.73 28.30
1967-2006 33.4 1.60  360.1  27.32
Corrientes 1876-1899 121.0  86.99   74.40
&57 1900-1939 128.9 2.88   9.31 38.63
1940-1979  4.82  418.0  
1967-2006 166.0 4.38 37.83  14.12 33.48
Tucumán 1880-1899 32.0  27.37  13.10 
78& 1900-1939 29.6 1.26 27.37 497.7  32.36
1940-1979 31.1 2.36 14.93  11.47 46.02
1967-2006 28.1 1.81 21.22  9.03 61.92
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:KHQDQDO\]LQJFKDQJHVLQWKHSDUDPHWHUVORFDWLRQDQGVKDSHRIWKHJDPPDGLVWULEXWLRQVVHH
7DEOH,,WKHUHLVDGHFUHDVHLQVXPPHUUDLQIDOOEHWZHHQWKH¿UVWDQGVHFRQG
VXESHULRGVDVUHÀHFWHGE\DVKLIWRIWKHJDPPDGLVWULEXWLRQWRZDUGVDORZHUPHDQ7KH
DQRPDORXVZHW\HDUVREVHUYHGDIWHUWKHVHFRQG\USHULRGDQGRQZDUGVDQG
OHDGWRDSRVLWLYHVKLIW7KHPD[LPXPSRVLWLYHWUHQGLQVXPPHUUDLQIDOOKDGSURIRXQGHIIHFWV
E\WKHHQGRIWKHV)URPWKHVXFFHVVLYH\UZLQGRZVWRVHYHUDO
VLJQL¿FDQWWUHQGYDOXHVDUHSUHVHQW:HPHQWLRQWKUHHSHDNYDOXHVPP\U
PP\UDQGPP\U1RVLJQL¿FDQWSRVLWLYHWUHQGYDOXHVKDYHEHHQ
REVHUYHGVLQFH2QWKHFRQWUDU\DFRQWLQXRXVDQGLQFUHDVLQJLQDEVROXWHYDOXHQHJDWLYHWUHQGLV
HYLGHQW6XPPHUYDULDQFHVDFWXDOO\UHDFKHGWKHKLJKHVWYDOXHRIWKHVWXGLHGSHULRGPP2
1RWHWKDWLQLWLDOYDULDQFHVDUHFORVHWRPP2. Both seasons exhibit an increase in variability 
GXULQJWKHODVWSHULRGZKLFKLVUHÀHFWHGDVDEURDGHQLQJRIWKHGLVWULEXWLRQYHUVXV
the other periods.
:HKDYHHVWLPDWHGVHDVRQDO59VLQPPIRU%DKíD%ODQFDSUHFLSLWDWLRQIRU':H[WUHPHV
DQGIRUWKUHH53VRQFHHYHU\DQG¿YH\HDUV)LJXUHVDUHQRWVKRZQIRUWKHVDNHRIEUHYLW\
Considering the temporal variation for the whole 40-yr periods, dry winter extremes show an 
increase throughout the century for each one of the RPs. This positive trend in percentiles continued 
)LJ%DKtD%ODQFD6HDVRQDOUDLQIDOOVHULHVDZLQWHUEVXPPHU)URPWRSWRERWWRPWLPHVHULHVZLWK
annual trends for the entire period of data, gamma distribution for four 40-yr sub-periods arbitrarily selected, 
DQGWUHQGIXOOOLQHDQGYDULDQFHGDVKHGOLQHIRUHDFKRQHRIWKH\UPRYLQJZLQGRZV
 
 
a b
Winter Summer 
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also for extreme wet winters during almost all of the 20th century. The same analysis applied to 
summer rainfall shows increasing dry and wet extremes in correspondence with positive trends 
from 1970 and onwards.
)LJXUH  VKRZV WKH VHULHV RI WKH FRQ¿GHQFH LQWHUYDO &, IRU HDFK59 RI WKH VHDVRQDO
precipitation for a 40-yr moving window, in order to compare it with the last window CI 
QDPHO\WKHFRQWUROFRQ¿GHQFH LQWHUYDO&&,:HVHOHFWHG'DQG:
H[WUHPHVIURPWKHJDPPDGLVWULEXWLRQLQRUGHUWRGLVSOD\WKHHVWLPDWHG59DQG&,RIZLQWHU
OHIWDQGVXPPHUULJKWUDLQIDOOIRU%DKíD%ODQFDVHH)LJVDE7KHKRUL]RQWDOEDQGIXOO
OLQHFRUUHVSRQGVWRWKH&&,7KHYHUWLFDOEDUVDVVLJQHGWRHDFKPHDQYDOXHGRWFRUUHVSRQGWR
the CI, which was determined using 1000 bootstrap resampling. Note the difference in rainfall 
VFDOH\D[LV6LQFHWKHVHULHVDUHDIIHFWHGE\DQLQFUHDVLQJWUHQGIRFXVPXVWEHSODFHGRQWKRVH
mean values and CI outside the double parallel line, i.e., mean values inferior to the control. 
7KLVIDFWDOORZVGHWHFWLQJWKH\HDUVLQZKLFKLPSRUWDQWFKDQJHVLQ59VDQGGLIIHUHQFHVLQ&,
occurred. For instance, extreme D winter precipitation at Bahía Blanca that occurred once every 
Fig. 3. Bahía Blanca. 5HWXUQYDOXHVPPIRUH[WUHPHGU\ZHWVHDVRQDOUDLQIDOODQGERRWVWUDSSLQJ
FRQ¿GHQFH LQWHUYDO &,FRPSXWHG IRUHDFKRQHRI WKH\UPRYLQJZLQGRZV DZLQWHU E VXPPHU
+RUL]RQWDOIXOOOLQHEDQGVKRZVFRQ¿GHQFHLQWHUYDO&FRQWUROIRUWKHODVW\USHULRG6HH
text for details.
a b
Winter       Summer
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\HDUVIURPWRZDVVLJQL¿FDQWO\LQIHULRUWRFXUUHQWYDOXHVDWWKHVDPH53$WWKHRWKHU
HQGRIWKHGLVWULEXWLRQ:ZLQWHUYDOXHVIURPWRDQGWRZHUHDOVRVLJQL¿FDQWO\
ORZHUWKDQQRZDGD\V([WUHPHYDOXHVIRUVXPPHUUDLQV)LJELQGLFDWHWKDWGXULQJWKHODVWGHFDGH
SUHFLSLWDWLRQ²RFFXUULQJRQFHHYHU\\HDUV²KDVLQFUHDVHGVLJQL¿FDQWO\IRUERWKH[WUHPHV'DQG:
3.2 0ar Gel 3lata
This station is characterized by a maritime temperate climate of mid-latitudes. The monthly rainfall 
series for Mar del Plata started in 1888. Figure 4 shows winter and summer rainfall distributions and 
variability, in a similar way to Figure 2 VHHSDUDPHWHUVLQ7DEOH,,7KHJDPPDGLVWULEXWLRQSUHVHQWV
a shift towards higher rainfall values, both for winter and summer, while there are no visible changes 
for the last decades. Analyzing the ends of the distribution, the probability of winter and summer 
UDLQIDOORIPPRUORZHUKDVVLJQL¿FDQWO\GHFUHDVHGWKHSUREDELOLW\RIPPRUKLJKHUUDLQIDOO
IRUZLQWHUUHPDLQVDOPRVWXQFKDQJHGWKRXJKIRUVXPPHUWKHSUREDELOLW\LQFUHDVHVE\PRUHWKDQ
Seasonal trends in precipitation for Mar del Plata are shown at the bottom of Figure 4. In winter 
WKHUHLVDPD[LPXPYDOXHRISRVLWLYHWUHQGIRUWKHZLQGRZZLWKDPP\U value 
VHH)LJD)URPWKHQRQSUHFLSLWDWLRQ WUHQGVGHFUHDVH WRZDUGV WKHQHJDWLYHYDOXHSHDNLQJ
GRZQDW±PP\U ZKLFKFRUUHVSRQGVWRWKHSHULRG'XULQJWKHlast decades there 
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Fig. 4. As Figure 2, for Mar del Plata
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is a growth of trend values corresponding to an increase in winter precipitation. Trend values for 
HDFKZLQGRZLQVXPPHU)LJEVKRZWZRPDMRUSRVLWLYHSHDNVWKDWDUHVWDWLVWLFDOO\VLJQL¿FDQW
RQHIRUZLWKPP\UDQGWKHRWKHUIRUZLWKPP\U,QEHWZHHQIRU
WKHZLQGRZWKHUHLVDQHJDWLYHQRQVLJQL¿FDQWSHDNDW±PP\U
9DULDQFHYDOXHVIRUZLQWHUUDLQIDOODUHUHODWLYHO\FRQVWDQWDWDERXWPP2IRUWKH¿UVWWKLUG
of the record, gradually decreasing to 3000 mm2 in the last decades. In summer, base values of the 
variance are at 6000 mm2 with a noticeable peak of 9000 mm2, almost coinciding with the positive 
WUHQGSHDNIRU
)XUWKHULQWRWKHDQDO\VLVRI0DUGHO3ODWDVWDWLRQ)LJXUHVKRZVWKH59IRU'DQG:DVZHOO
DVWKH&,7KHH[WUHPH'IRUZLQWHU)LJDVKRZVDFRQWLQXRXVLQFUHDVHIURPWKHEHJLQQLQJRI
WKHUHFRUGXQWLOWKHZLQGRZUHDFKLQJDQ59FORVHWRPPGXULQJWKHODVWSHULRGV
7KHVDPHGRHVQRWDSSO\IRUWKH:YDOXHVRIZLQWHUSHUFHQWLOH7KHUHLVQRHYLGHQFHRI
FKDQJHVLQWKH59IRUWKHZKROHSHULRGXQGHUVWXG\2QWKHFRQWUDU\IRUERWKHQGV'DQG:RI
VXPPHUUDLQIDOO)LJEWKHUHLVDFRQWLQXRXVLQFUHDVH
3.3 %XeQRs Aires
A humid subtropical climate characterizes Buenos Aires station. As with Bahía Blanca, the series 
VWDUWVLQ6HDVRQDOSUHFLSLWDWLRQZLQWHUVXPPHULVVKRZQLQ)LJXUHDVZHOODVWKHJDPPD
GLVWULEXWLRQIRUWKHSUHYLRXVO\VHOHFWHGSHULRGVVHH7DEOH,,IRUQXPHULFYDOXHV7KHEHKDYLRURI
)LJ As Figure 3, for Mar del Plata.
a  b
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the gamma theoretical distribution applied to the data shows an increase in rainfall. Notice that for 
winter rainfall there is a decrease through time of the probability rate of 100 mm or lower rainfall, 
in behalf of larger precipitation. This behavior is even more noticeable during the summer, as the 
probability of extreme rainfall over 300 mm increases.
Precipitation trends for each 40-yr window in the Buenos Aires seasonal series are shown in the 
lower section of Figures 6a, b. Throughout the analyzed years, it can be observed that winter trends 
UHDFKHGDVLJQL¿FDQWSHDNRIPP\UIRUWKHSHULRG7KHUHZHUHQHJDWLYHWUHQGV
IRUWKHSHULRGZLWKDSHDNRI±PP\U$QRWKHUQHJDWLYHWUHQGSHULRGFRYHUVIURP
WRWKHSUHVHQWGD\WKRXJKLWVQRWVWDWLVWLFDOO\UHOHYDQW)RUVXPPHULQVSLWHRIÀXFWXDWLRQV
WUHQGVDUHPRVWO\SRVLWLYHSHDNLQJDWPP\U for the 1938-1977 window.
9DULDQFHLQZLQWHUUDLQIDOOVKRZVUHPDUNDEOHÀXFWXDWLRQ,WIDOOVIURPRYHUPP2 between 
WKH\HDUVZLWKDPP2KLJKWRDOPRVWPP2 in the last decades. As for summer 
variance, a maximum of 2000 mm2 is almost in synch with the peak in the positive trend.
,QWKH59DQDO\VLVIRUWKHVHOHFWHGSUREDELOLW\OHYHOV%XHQRV$LUHVVKRZVWKHORZHVWH[WUHPH
D values for winter in the period 1880-1920. Sudden increase from then on almost doubles their 
PLQLPXPYDOXH+RZHYHU IRU WKH:HQGZLQWHU59VGHFUHDVH RU UHPDLQ DOPRVW XQFKDQJHG
Fig. 6. As Figure 2, for Buenos Aires.
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GHSHQGLQJRQWKH538QOLNHZLQWHU59VIRUVXPPHUUDLQIDOOKDYHLQFUHDVHGPRUHRUOHVVJUDGXDOO\
ERWKIRUWKH'DQG:HQGZLWKVRPHPXOWLDQQXDOÀXFWXDWLRQV
7KH'DQG:UDLQIDOOYDOXHVDQGWKH&,IRUERWKVHDVRQVLQ%XHQRV$LUHVDUHVKRZQLQ)LJXUH
'YDOXHVHVWLPDWHGZLWKSUREDELOLW\IRUZLQWHU)LJDVKRZDUHPDUNDEOHLQFUHDVHIURP
WRDQGWKHQUHPDLQVWDEOHHYHQZKHQWKH59VIRUVXUSDVVDOORWKHUV)RU:
ZLQWHUHQGVWKHUHDUHQR\HDUVLQZKLFKFKDQJHVLQ59VFDQEHGHWHFWHGDFFRUGLQJWRWKHDIRUHPHQWLRQHG
GH¿QLWLRQ,QVWHDGIRUERWKHQGVRIVXPPHUUDLQIDOOGLVWULEXWLRQWKHUHLVDULVHRI59VDIWHURI
EHWZHHQDQG
3.4 Córdoba
Córdoba Station, located in central Argentina, has a typical subtropical continental climate. Rainfall 
data covers the period 1873-2006. It is characterized by dry winter and abundant rainfall during 
the summer. Figure 8 shows this behavior through mean values for rainfall in each season: 33 mm 
in winter and 334 mm in summer. The gamma theoretical distribution is close to an exponential 
IXQFWLRQLQZLQWHUUDLQIDOOYVVXPPHUUDLQIDOOVHH7DEOH,,&RPSDULQJVHDVRQDOWUHQGVWKHUHLV
an increase in precipitation during the summer. This rise is evident in the displacement of gamma 
GLVWULEXWLRQIRUWKHGLIIHUHQWZLQGRZVVHH Fig. 8bPLGGOHSDQHODVWKHSUREDELOLW\IRUVXPPHU
rainfall below 100 mm decreases and the probability of higher rainfall increases.
Fig. 7. As Figure 3, for Buenos Aires.
Winter Summer
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7KHGHFUHDVHLQSUHFLSLWDWLRQGXULQJWKH¿UVWKDOIRIWKHWKFHQWXU\LVREVHUYHGZKHQDQDO\]LQJ
WKHFXUYHRIWUHQGVERWKIRUZLQWHUDQGVXPPHU6LJQL¿FDQWWUHQGVWDNHSODFHLQVXPPHU7KHPRVW
UHOHYDQWSHDNRIQHJDWLYHWUHQGVLV±PP\U IRUWKHSHULRGZKLOHWKHSRVLWLYHWUHQG
SHDNVLQWKHSHULRGDWDUDWHRIPP\U&RQVLVWHQWZLWKWKHVXPPHUSUHFLSLWDWLRQV
regime, variance values are higher than in winter. Throughout the analyzed records, summer 
YDULDQFHVKRZVDÀXFWXDWLRQUDQJLQJIURPî4 mm2LQWKH¿UVWGHFDGHVWREHWZHHQî
104 mm2DQGî4 mm2.
Although wintertime rainfall in CóUGREDLVVFDUFHWKHDQDO\VLVRI59LQWKH'HQGLQGLFDWHV
DQDOPRVWFRQVWDQWLQFUHDVHXQOLNHWKH:HQGVZKLFKVKRZLQWHUGHFDGDOÀXFWXDWLRQV$VIRUWKH
DPRXQWRIH[WUHPHUDLQIDOOLQVXPPHU'YDOXHVVKRZDUHPDUNDEOHLQWHUVHFXODUÀXFWXDWLRQZLWK
SHDNVLQDQG59VIRUWKH:HQGIRUWKHWKUHH53DQDO\]HGDQG
VKRZHYLGHQFHRIDOPRVWFRQWLQXRXVGHFUHDVHGXULQJWKH¿UVWWKLUGRIWKHVWXG\EXWWKHUHLV
DMXPSLQUDLQIDOODIWHUWKHZLQGRZ7KLVLQFUHDVHVWLOOJRHVRQ¿JXUHVDUHQRWVKRZQ
IRUWKHVDNHRIEUHYLW\
Fluctuations of precipitation in CóUGREDIRUZLQWHUDQGVXPPHUDQGIRU'DQG:
probability levels, together with the CI, are shown in Figure 9. Increasing values for winter D 
)LJDLQWKHODVWGHFDGHVSURYHDVKLIWLQ59VZKRVHPRVWVLJQL¿FDQWSHDNWDNHVSODFHDIWHU
7KLVEHKDYLRUGRHVQRWDSSO\IRUWKH:HQGZKLFKVKRZVQRHYLGHQFHRIVLJQL¿FDQW
Fig. 8. As Figure 2, for Córdoba.
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FKDQJHVLQWKH59VRIZLQWHUDFFRUGLQJWRWKHDIRUHPHQWLRQHGGH¿QLWLRQ2QWKHFRQWUDU\VXPPHU
'DQG:DVVKRZQLQ)LJEDOORZVWRGHWHFWWKHSHULRGZLWK59VVLJQL¿FDQWO\LQIHULRUWRFXUUHQW
ones: 1890-1929 to 1939-1978.
3.5 Corrientes
7KHFOLPDWHLQ&RUULHQWHVLVFODVVL¿HGDVKXPLGVXEWURSLFDO7KHUHFRUGRIDQDO\]HGUDLQIDOOVWDUWV
in 1876. This humid, sub-tropical station has abundant rainfall all year long, with larger amounts 
in summer since rainfall increases due to convection and regional scale processes associated 
ZLWKWKH6RXWK$WODQWLF&RQYHUJHQFH=RQH6$&=1RJXpV3DHJOHDQG0R%DUUXFDQG
et al., 2008; Carvalho et al.)LJXUHVDEVKRZWKHVHVHDVRQDOGLIIHUHQFHVZKLFKUHYHDO
the prominent winter asymmetry compared to summer distribution. There is a slight increase in 
VXPPHUSUHFLSLWDWLRQWRZDUGVWKHHQGRIWKHVWXGLHGSHULRGVHHWUHQGOLQHLQ)LJE,QFUHDVH
in summer rainfall is evident at both ends as the shift towards higher values in the distribution 
leads to increasing values.
For Corrientes there are three periods with positive trends for winter rainfall throughout the data 
UHFRUGVDQGDOOKDYHVLJQL¿FDQWSHDNYDOXHVEHLQJWKHVKDUSHVW
PP\U7KHQHJDWLYHWUHQGSHDNVIRUWKHZLQGRZEXWLWLVQRWDVWDWLVWLFDOO\VLJQL¿FDQW
Fig. 9. As Figure 3, for Córdoba.
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YDOXH3UHFLSLWDWLRQYDULDQFHUHPDLQVDWDERXWPP2, except at the initial windows, in which 
YDOXHVVXUSDVVî4 mm.
As for trends in summer rainfall, two positive peaks are particularly noteworthy. One of 
PP\UIRUWKHVXESHULRGDQGWKHVHFRQGRQHRIPP\UIRU
7KHUHDUHQRVLJQL¿FDQWYDOXHVLQWKLVVHDVRQIRUQHJDWLYHWUHQGV
:HKDYHHVWLPDWHGWKH59VRIVXPPHUUDLQIDOOIRU&RUULHQWHVIRUERWKHQGV':DQGGLIIHUHQW
SHUFHQWLOHVDQG'U\HQGVVKRZDQLQFUHDVHWKURXJKRXWWKHGDWDUHFRUG:H
SDUWLFXODUO\PHQWLRQVXPPHUUDLQIDOODWDIUHTXHQF\RIRQFHHYHU\\HDUV59VLQFUHDVHGIURP
PPLQWKH¿UVWKDOIRIWKHWKFHQWXU\WRPRUHWKDQPPLQWKHODVW\HDUV7KLVEHKDYLRU
is presented in Figure 11, which allows establishing the time and magnitude of increase vs. current 
conditions represented by CCI.
3.6 7XFXmán
The region of Tucumán in the northwest of Argentina has a humid, sub-tropical climate with 
a dry season. The data record starts by 1880. Consistent with the region’s climate, the rainy 
VHDVRQLVVXPPHUZLWKDPHDQYDOXHRIPPIRUWKHZKROHUHFRUG$VREVHUYHGLQWKHJDPPD
Fig. 10. As Figure 2, for Corrientes.
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GLVWULEXWLRQIRUGLIIHUHQWSHULRGV)LJWKLVVLWHGRHVQ¶WKDYHDUHOHYDQWVKLIWLQSUHFLSLWDWLRQ
There is an increase in the probability of summer rainfall over 600 mm. The highest trend for 
ZLQWHUUDLQIDOOVXUSDVVHGPP\U and was observed between DQG)LJ
DORZHUSDQHO$VIRUVXPPHUVWDWLVWLFDOO\UHOHYDQWWUHQGVDUH±PP\U at the beginning 
RIWKHSHULRGZKLOHWKHSRVLWLYHSHDNVXUSDVVHGPP\U IRU)LJE5HJDUGLQJ
the seasonal variability represented by the variance, there is an increase for both seasons. For the 
PRVWUHFHQWGHFDGHVZLQWHUYDULDQFHHVWLPDWHVDUHEHWZHHQPP2 while the increase 
observed for summer went from a typical variance of 1.0 î104 mm2 to 3.7 î 104 mm2 for the 
ZLQGRZ
7KHUHVXOWVRI59VLQVHDVRQDOUDLQIDOOIRUWKHWKUHHVWXGLHGSUREDELOLWLHVVKRZHGWKDWLQZLQWHU
WKH'HQGVLQFUHDVHGSURJUHVVLYHO\ZKLOHIRUWKH:HQGDIWHUDQRWLFHDEOHGHFUHDVHLQDPRXQW
for more than two thirds of the analyzed period, there is a rapid increase in the last decades. For 
VXPPHUWKH'HQGVKRZHGQRLQFUHDVHLQ59VEXWWKHUHLVDQDOPRVWFRQWLQXRXVLQFUHDVHIRUWKH
:HQG:KHQVWXG\LQJWKHSRWHQWLDOFKDQJHVLQVHDVRQDOUDLQIDOOWKURXJKRXWWLPHXVLQJWKH&,YV
WKH&&,IRUWKHDQGSUREDELOLWLHV)LJLWEHFRPHVHYLGHQWWKDWWKHVXVWDLQHGLQFUHDVH
LQUDLQIDOOKDSSHQVDWWKH:H[WUHPHRIVXPPHU
Fig. 11. As Figure 3, for Corrientes.
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4. Discussion and conclusion
Studies that use more than centennial rainfall data are useful for a better understanding of 
precipitation behavior. From the analysis of the six reference series in north and central Argentina 
it is possible to infer the changes in seasonal rainfall during the last 140 years, evaluated for both 
H[WUHPHUHWXUQYDOXHVDERYHEHORZWKHWKWKSHUFHQWLOH7KHLQFUHDVHLQUDLQIDOOLVREVHUYHG
almost simultaneously for the plain lands of north and central Argentina in the summer season.
:HKDYHXVHGDEHVW¿WIXQFWLRQWZRSDUDPHWHUJDPPDIXQFWLRQWRDQDO\]HWKHVHDVRQDOGDWD
Differences in Į and ȕ parameters of the gamma distribution are observed between winter or summer 
UDLQIDOODQGDPRQJUHJLRQV:HIRXQGWKDWĮ values for some locations are close to 1, as a result of dry 
ZLQWHUVDVLVWKHFDVHRI&óUGRED7KHEHKDYLRURIWKHSRVLWLYHVKLIWRIWKHJDPPDGLVWULEXWLRQVHH
WKHFRUUHVSRQGLQJ¿JXUHVFOHDUO\HYLGHQFHVWKDWWKHODVWDQDO\]HG\UZLQGRZVKRZV
the higher displacement to greater rainfall amounts for each one of the selected locations. This fact is 
consistent with Barros et al.ZKRIRFXVWKHLUVWXG\RQDQQXDODQGVHDVRQDOUDLQIDOOWUHQGVIRU
subtropical South America on the period 1960-1999 because of their large and positive trends.
:HKDYHDQDO\]HGWKHFRQ¿GHQFHLQWHUYDO&,FRUUHVSRQGLQJWRWKHWKDQGWKSHUFHQWLOHVRI
the gamma distribution of seasonal precipitation and compared it with a control CI calculated for 
WKHODVW\USHULRGERWKIRUZLQWHUDQGVXPPHUUDLQIDOO6XPPHUVHDVRQ:YDOXHVKDYHVKRZQ
DQRWLFHDEOHDQGVLJQL¿FDQWLQFUHDVHWKURXJKWLPH
Fig. 12. As Figure 2, for Tucumán.
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7RVXPPDUL]HLQ)LJXUHZHSUHVHQWWKH59IRUH[WUHPH'DQG:RIVXPPHUUDLQIDOOIRU
HDFKPRYLQJZLQGRZDQGORFDWLRQ$VVXPPHULVWKHZHWVHDVRQPDMRUFKDQJHVDUHHQKDQFHG
ZKHQDQDO\]LQJWKHVHPRQWKVRIWKH\HDU/DUJHVWLQFUHDVHVLQ59VDUHREVHUYHGIRUWKH:HQG
EXWQRWDOOVWDWLRQVOLQHVH[KLELWDVLPLODUEHKDYLRU7KHUHWXUQYDOXHVRIWZRSDLURIVWDWLRQVDUH
comparable: those for BahíD%ODQFD0DUGHO3ODWDZLWKWKHORZHVWPDJQLWXGHVDQG%XHQRV$LUHV
Córdoba. Corrientes and TucumáQGHWDFKIURPWKHUHVWRIWKHORFDWLRQVDQGVKRZWKHODUJHVW59V
DVFRXOGEHH[SHFWHGEHFDXVHRIWKHLUVXPPHUUDLQIDOOUHJLPHQVHH)LJ$FRPPRQIDFWLVWKH
DOPRVWVLPXOWDQHRXVLQFUHDVHGHWHFWHGIURPQRUWKWRVRXWKi.e. from Tucumán to BahíD%ODQFD
DIWHUWKHZLQGRZ7KHLQFUHDVHLQ59VIRU&RUULHQWHVVWDUWVVHYHUDO\HDUVEHIRUH7KLV
fact is also detected when analyzing the peak value of the linear trend.
:HOLVWKHUHWKHODUJHVWSRVLWLYHWUHQGVPP\UDQGWKHFRUUHVSRQGHQWSHULRGRI\HDUVIRUHDFK
station: BahíD%ODQFD0DUGHO3ODWD%XHQRV$LUHV
&óUGRED&RUULHQWHVZLWKDVHFRQGDU\SHDN
RIDQG7XFXPáQ8QOLNHWKHOLQHDUWUHQGHYDOXDWHGIRUWKH
data record in Barros et al.WKDWHQFRPSDVVWKHWRWDOOHQJWKRIGDWDWKHGLIIHUHQFHEHWZHHQ
PHDQYDOXHVDSSOLHGWRVHSDUDWHGSHULRGVRIDORQJUHFRUG0LQHWWLDQG9DUJDVRUWKHXVHRI
QRQOLQHDUWUHQGVDVVHFRQGRUKLJKHURUGHUIXQFWLRQV0LQHWWLet al.WKHDQDO\VLVRIWUHQGV
Fig. 13. As Figure 3, for Tucumán.
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performed in this work using a method of moving windows provides a dynamical perspective of 
rainfall behavior. It can be inferred from the analysis that regions with different climatic regimes 
have different intensity and slopes in the observed trends. Largest positive trends accompany 
DFFXPXODWHG VHDVRQDO UDLQIDOO:H FRQFOXGH WKDW WKHUH KDV EHHQ D VKLIW LQ UDLQIDOO GLVWULEXWLRQ
WRZDUGVLQFUHDVLQJUDLQIDOODVZHOODVDÀXFWXDWLQJFKDQJHLQWKHUDLQIDOOYDULDQFHWKURXJKWLPH
whereas summer rainfall is responsible for greater trends and variability.
7KH REVHUYHG LQFUHDVH LQ YDULDELOLW\ GXULQJ WKH ODVWZLQGRZ  DQG WKH UHDVRQ
that determines the change might be explained by changes in atmospheric circulation and on 
WHOHFRQQHWLRQSDWWHUQV VXFK DV(O1LxR6RXWKHUQ2VFLOODWLRQ (162 DQG WKH3DFL¿F'HFDGDO
2VFLOODWLRQ3'26RPHSK\VLFDODQGG\QDPLFDOFDXVHVRIWKHVXPPHUUDLQIDOOLQFUHDVHKDYHEHHQ
DWWULEXWHGWRWKH(162VLJQDOLQWKRVHFDVHVZKHQ(162DQG3'2DUHLQWKHVDPHSKDVH.D\DQR
DQG$QGUHROL5HFHQWVWXGLHVE\6LOYDet al.KDYHSRLQWHGRXWWKDWWKHLPSDFWRI(1
HYHQWVGXULQJSRVLWLYH3'2SKDVHVDIIHFWVWKHWUDQVSRUWRIPRLVWXUHDQGH[WUDWURSLFDOF\FORQLF
properties in austral summer over southeastern South America. The changes in tropical-extratropical 
circulation anomalies after 1976 seem to be associated with an increase in the frequency and 
intensity of EN events and positive precipitation anomalies. Consistently with the last warm PDO 
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)LJ6XPPHUUDLQIDOO5HWXUQYDOXHVIRUDQGSHUFHQWLOHVIRUHDFKZLQGRZ
and location.
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UHJLPHWKDWRFFXUUHGGXULQJWKHSHULRGWRPLGV5REHUWVRQDQG0HFKRVRKDYH
IRXQGDQLQFUHDVHLQSUHFLSLWDWLRQDQGULYHUÀRZRYHUVRXWKHDVWHUQ6RXWK$PHULFD7KLVFDQQRWEH
exclusively attributed to the PDO variability, because the EN events have been more intense and 
IUHTXHQWLQWKHVDQGV$PEUL]]Let al.
Through the analysis of past precipitation anomalies we were able to detect whether extremely 
dry or wet anomalies over selected regions of Argentina have become more extreme in recent 
GHFDGHVLQWKHFRQWH[WRIWKHODVWRQHDQGDKDOIFHQWXULHV)XWXUHZRUNVZLOOIRFXVRQWKHLQÀXHQFH
of the PDO phases over seasonal rainfall in the region. Some applications of these results are of 
regional interest, related to agronomic production or water resources. Moreover, a more profound 
understanding of the variability of extreme precipitation and the length of extended wet and dry 
periods may help to improve climate models and interpret model results.
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